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The information reportcd herecin covers a two year

contract pcriod. The phasc cntitled "Low Loss Boron Nitride {
Ccramic Diclectrics" was terminatcd after the first year,
The préject is continuing under Contract No. DA=36w039~

AMC=03L40l(E). Four phases arc being studied. "Hot Extrusion

of Ferroclectric Ceramics" and "Low Loss Ccramics" arc cone

tinuing csscntially as sct up under the previous contract,

the diclectric constant rcquirements have been increascd to

80 and higher for thc lattcr phasce The cmphasis in "Devitrie

fied Ferroclectric Ceramics" in thc last contract was on

making a powdercd glass of purc barium titanate, from which

spccimens were made conventionally, and during a subsequent

firing thc crystallinc phase formeds Thc cmphais has been

shifted to morc complcx glass compositions in which barium

titanatc will be devitrified but in larger spccimens of glass

rather than in spccimens formed from powdercd glasss The

omphasis in "Transparcnt Polycrystallinc Coramics" has been _

shifted from lincar diclcctrics to ferroclectrics. The title ﬁ

has been changed to "Structure Studics of High Density Poly= .

crystallinc Ceramics™ and barium titanatc is the first material

to be studicd, )

_ A paper entitled "Similaritics in the Impact Behavior of

Glasscs and golycrystallinc Ccramics,” by C, J, Phillips and

Se DiVita has been published in The Amcrican Ceramic Society .
- Bulletin, Vol. 42, No., 11, November, 1963.



The following papers have been presented at various
American Coramic Society Meetings:

1, Properties of Several Boron Phosphate=Silica
Devitrified Compositions.

2o Structural Analysis of a Boron Phosphate Silica
Glass and Its Physical Propertics,

3¢ Devitrificd Pure Barium Titanate Dielectrics,

L Elcctrical and Structural Characteristics of

Devitrificd Barium Ti*anatec,

Se Prercactcd Raw Materials,

A two hour review of thecorctical program was presented

before the Advisory Group on Elecctronlc Devices, AGED on
November 1L, 1962,
A Patent #3,084,053 entitled "Ceramic Materials and

Methods For Making Same" was grantcd and {s dated April 2,

1963,
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Part 1
DEVITRIFICATION OF BaTi0s

Abstract
A ceramic has been produced of very finc crystal size
(0e2 = 0o51) by devitrification from a finely powdered
barium titanate glass which was fabricated conventionally.
This reosults in producing a barium titanate crystalline
phase which is more tetragonal, and in increasing the Curic

temperaturc to approximately 150°C,

Part 11
LOW LOSS BORON NITRIDE CERAMIC DIELECTRICS

Abstract

An evaluation of industrial hot pressed boron nitride
roveals that it i{s both porous and soluble which causes
detorioration of its eclectrical propcrtics under high
humidity conditions,s A proccdure has been evolved to
produce hoteprcssiblc boron nitride and the parameters
established to attein opti{mum propertiecs, Boron nitride
thus produced is slightly better than the industrial
materisl evaluated, Howcver commercial pyrolytic BN of
excellent quality is now available which 1s not affected

by moisturec,
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Part 111
TRANSPARENT POLYCRYSTALLINE CERAMICS

Abstract
Section A « Anisotropic Crystalline Phases

Alumina bodies were fired in four stmospheres; hydrogen,
oxygen, argon or vacuume A twoefire procedure was used with
the same or different atmosphere {n each of the two fires,
Fired specimens were evaluated for density, moisture absorpw
tion, total porosity and translucency. Microscopic methods
were used to determine grain and pore sigze, Specimens fired
in vacuum exhibited the best results and argon the poorest,

All specimens exhibited lower transparency than "Lucalox,"

Section B = Isotropic Crystalline Phases

A higher degree of transparency should be possible with
an isotropic crystalline phase than with an anisotropic one,
Spinel, that is magnesium aluminate, was selected for study,
A pre-reacting technique was devised to attain excellent
uniformity in mixing of the raw ingredlients, Specimens were
prepared and fired to an average degree of uniformity. The
next step would have been to determine tbe firing parameters
(temperatures, times, atmospheres) necessary to attain

theoretical density,
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Part IV
LANTHANUM ALUMINO SILICATE DIELECTRICS

Abstract o

The object of this phase is the development of low loss
ceramics with diclectric constants in the range of 12 to 15,
The lanthana=alumina~silica systcm was selected for study. _
All the tcchniques investigated to mature thcse compositions
are presented with an evaluation of each technique. Problems
encountercd are also discusseds Elcctrical properties of
composition within the system arc given, Correclations of
thesc propertics with regard to crystal and glass content,
crystallinc typcs and porosity sre also prescnted.

Compositions which do not contain glass and located
within the systoms lig0=2r0a~Ti0s and Ca0=Si0as werc evaluated
for clectrical properties, The procedures and results are

presented,

Part Vv
HOT EXTRUSION

Abstract _
A brief roview of the work on hot extrusion of ceramic
mgterlals is presented, including the equipment and procedures
useds The importance of coextrusion can design is discussed

and 1llustrated,

- Wl & Ko i
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Final Report ~ Part I
DEVITRIFICATION OF BaTiOa

Introduction

Barium titanate ls a ferroclcctric ceramic which {s
charactcrized by a room temperaturc dielcctric constant of
approximately 1200 that incrcascs slowly to approximatecly
110°Cs Above this tcmperature the diclectric constant rises
sharply to a maximum of approximatcly 8000 at 120°C, this
drops off rapidly to some low value in the range of 100
abovc this tcmperaturce At its Curie temperaturc (120°C)
thc barium titanate inverts from the tctiragonal crystalline
phasc which is fcrroclcetric to the cubic phase where it
became a lincar dielcctric. Solid solutions of this com=
pound with other compsunds such as strontium titanate and
minor additions of other composunds such as the alkaline
carths titanatcs tend to modify this overall cffect by
lowering the Curie temperature or having the cffect take
placc more gradually over a wide temperature range. These
approaches are utilized in industrial dielectrics, however,
thesc effects are limiteds The Curie tempcrature can be
incrcased by making solid solutions with lead titanate,
however, many limitatlions are involved such as stichometry
due to the high vapor pressure of lecad, etc. The more

Rutgers, The State University
Signal Corps Contract No., DA-36-039~-sc-891)1




advantagcous approach is to increasc the Curie tempcrature
or to climinate it entirely as this would allow for high
working temperatures,

About 10 years agoe Anliker, Brugger, and Kanz!gl noted
that with very finely divided loose powders of barium
titanate, the temperaturcs at which the transition from
the tetragonal to the cublc form took place, increcased as
the particle sizc decreaseds This was determincd by X-ray
and clectron diffraction methods, Many attempts have been
made to make fircd ceramics of very finely divided barfum
titanate however during firing the crystals grow quite
rapidly and thc rclativcly large size results $a the Curie
temperature being at 120°C, A plausible approach to the
attainment of very small crystals in barium titanate ceramics
is to devitrify and control crystallization from a glass,
that is, a randomly oricnted structure of purc BaTiOs, Thus
the object of this problem is to produce a glass of pure
barium titanate, then to prepare spccimens of the powdered
glass which on subsequent firing will dcvitrify to small

barium titanate crystals,

Procedure
Earlier efforts Progress Report No, 7, March 1 to June

1, 1960, to produce a purc barium titanate glass proved futile.

T

M. Anliker, H. R. Brugger and W, Kanzig, Helv., Phys, Cecta
27 99 (1951).
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Boric oxide additions at 9% and higher and later teliurium
oxide at 84 and higher, resulted in attaining a glass which
could be fritted in very small quantitics, However the
barium titanate resulting by devitrification was so diluted
by the remaining glassy phase that the highest dielectric

constant attained was 120,

Method for Producing BaliOs Glass

A proccdure was divised by which finely divided barium
titanate could be fritted by the use of Metco Type 2D Thermo
Spray Gun, The complcte details of this effort appears in
Progress Report No, 6, Fcbruary 1 to May 1, 1963, The gun
was sO located as to spray downward at an angle of 30° with
the horizontal into a rcservior of distilled water with the
nozzle of the gun being 6" from thc surface of the water.
The finely divided raw barium titanatec had to be made i{nto
specimens, fired to approximatcly 2200°F, thermal shoched
and reduced to a controlled fincly divided powder which would
pass 325 mesh, Too many fines were dectrimental, This pro=-
cedure and a narrow particle size distribution was necessary
for the material to flow through the gun. Further the
maximum size of this matcerial was such that the particle
would be melted through and quenched completely through on
entering the water so as to result in a randomly oriented

or glass structure, Very fine particles would cause the gun

.
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to clog and also the mass of the individual particles would
not be great cnough to enter the water., This procedure
resulted in perfectly spherical particles of glass which
were lsotropic petrographically, and exhibited no structure
by X=-ray analysis, Two commercially available sources of
barium titanatc werc used: Capacitor grade and chemically
purc grade, Both are produced by the Titanium Alloy
Manufacturing Division of National Lead Company. The first
is approximately 97% barium titanate which the latter is
994 G+%e

Method for Producing Test Specimens

The spherical BaTiOa glass particles rcsulted in rather
low grecn and fired bulk density when evaluated as prepared
specimens, To attain better packing the spheres were ground
in an automatic alumina mortar and pestlec apparatus for a
minimum period of time., A small amount of water was used i
as a binder and the specirions were presscd at 1/2 inch |
diameter by apprximately 060" thick at 10,000 psi. The

specimens werce fired in a platinum wound electric furnace,

first in air and later in oxygen, Thc latter atmosphere

gave the highest fired bulk densitias.
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Result

The propertics of solid sintered BaTiQas, BaTiOs glass
and devitrified bodies made from the BaTl0as glass are pre-
scnted in Table 1 on page 9. Electrical data is presented
graphically in Figures 1, 2A, 2B on pagcs 6 through 8.

Petrographic analysls, X-ray analysis and other methods
prove that BaTiOa glass is formed by flamespraying and rapid
quenching. This glass has an index of refraction of 2,25
which is appreciably lower than the crystalline phasc at
2,40, Its truc density as detcrmined by the pycromcter
method is L. 799 which i{s much lower than thc crystalline phasc
which is 6,012, The diclcctric constant of the glass is
approximately 70 until approximatcly 180°C at which tompcra=-
turec it increcases radically, however this is not a Curic
temperature. No hysteresis is cxhibited by the glass. From
this {t can be concluded that the glass is not ferroelectric,

The power factor is 0.03. Devitrification takes place
in the powdered glass sphercs between LSO and 750°C and the
body matures at 1310°C,

The true density of the devitrificd body is 5.,65.. This
is considecrably lower than that of BaTiO3s which was determined
to be 6.012. This is due to the prescnce of 33,0% by volume
of the compounds BaTiaOg and BaTie07. The true density of
the devitrified BaTi0s within the body is 6,022 and is con-
siderably greater than that of the compound prepared normally

as noted above, This is duc to an incrcasc in the lattice




2o®@E€1 PRLJTIIINAL . o 2

-

p2J23uls PIioS—o—F A

PLada

ooy ..__op .0 . M __

aoov.ohauauom&oh

-

\...I\.l\l!!v..?.‘ll‘lcq..-ll‘b'i
e

Ti16g-2s-6£0-9€-80 *ON 31oeJju0) sdioD Teubys
. . £31s19A7UN 21831S 2UL “sJ3bInU

SLIVNVLIL ANIYVE (S TJTULIAKI OGNV QRUILNIS TI7T0S HOd
THNLVYISNIL ° sA INVISNOD DTHLOITHIA
1 3mb1d

a
HE
2
E(
3
3
i
a

1

o

-

unad

o bt



081 091 oit et 001 08 09 3 o
,No.. ,.N : " (Do) ou:wc.—uﬁuuh e - R it
e T ST g e TN v -

o MG S oog -|
Ie70ed TEhoq-F—e—v R
g0° ule1SUO) D01J392121( ¢——@ ooo~|w.
. Eﬁmw..ow&mo.omu«n - oN 30eq3u0) sdu0D Teubig. :
21° C . " Ayisasajun 21215 2ul ‘sta2bind o002t m
A : . !
i
ot — yoo1
e ST T T hw.o ..ﬁ !

oz - N

P (o)

fz° d Jo0g1
w .o o SRR
. o 10002 -
glee T
L A
Jee” woﬁm -
- N ¢ ../. . WOQJN ~
M ’ /Vf ! %081 = Jo52 a i
w_.g. « §  NIOAXO NI QIIJIMLIASD SIVNVLIL WNTWVE HOd oo -
T - |
d e MERNIVHEAWIL “sA HOLOVH ¥EMOd ONY INVISNOD JT¥LOITHIC 0062 -}
ve a.anbyd Lot

v d _



H (3, ) @dnjeaadwal
% og2 092 olte o2 .. 002 o1 091 oht
1 ¥ ! A * RIS - k3
: 20} __ e 9y
i , ] oog
70" | \\\ : -
101084 JAMOd—F——F— @
801  jueisuod 97I3BIRIG—Tr—— > | ooot
\\
et} e { ocet
el e -
91} a\\ Eamw-umwm/ ¢-va °oN 39esjuo) sdiod Teubrs 1 ooftt
1 \\\ ; L .mwﬂmuc>ﬁcb a3e1g 2yl ‘sJ9bnd 4
- Mm m \. AN i
%t o / N 0091
. - h- / /
el 32 .. i N oogt
] v //. .
<) T 4 \ .3 Tt
' 8t u / AN A ocoe
1 = / | o
B 4% 5 M.w _\ o 022
* 1 a - | - LR
C ! /,n, .m\. u
1% | @ ; 3| oot
‘0 ! 1
- 3 ooge -
[ 1
B a a
NIDAXO NI QI IJTHLINSA JIVNVIIL WNIWVE HOd JUIVYISNIL § ooge
*sA ¥OIDVd HIMOd OGNV INVISNOD JI1dLOITIIC -

Gz 24nbyd




Table 1

Proparties cf BaTiQa Prepered bx Sevaral Methods

Solid State Devitrified
_Reacted - Olass  __Body
Index of Refraction 2,40 2.25 ———
Density (gr/cc) 5. 65¢
True 6.012 11 799 (6.022)2
Bulk ..... .50 ——ma- 5, 6kl
Diclectric Constant 16007 70 13000
Curic Temperature (°C) 1207 1556
Power Factor 0,03 .036
Hysteresis None Yes
Lattice Constant
a 34994 3.988
o . 028 Leoh3
Crystal sizc (|) 10-80(10-50)3 0.2=0.5
Composition (fircd)
BaTiOa 89. 3% 62,0
Voids 19.7% 5.0
Other — 33,0%
1. As body 4. Fired in oxygen

2. BaTiOa crystals in body.,

3. Bulk of crystals within

this range.

S. Thesc are BaTiaOg
and BaTl 307.

6. Sec Figure 1 and/or
2A and 2B,
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constants as noted in Table 1, Thus the barium titanate

developed by devitrification 1s more tetragonal than the
regular material and is undoubtedly responsible for some

of the unusual electrical properties of the devitrified body.
This higher density form may be due to its physical environa
ment, strains, etc., within the boedy rather than being a new
forme The bulk density as noted 4n the table is 5.,6l. This
is the highest valve which was attained near the end of this_
effort dy proper particle size reduction of the glass spheres
which resulted in better packing, and by firing in oxygen.
This quality of the best specimens approaches'thelr true dens
sity. However, most results are reported on somewhat lower
bulk density values and are reflected by the 5,0% void shown
in the Table, .

The Dielectric Constant vs, Temperature properties of the
solid sintered and devitrified BaTiOas compositions are pre=
sented in Figure 1 on page 6, The solid sintered composition
exhibits a typlcal curve for BaTiOs but at somewhat higher
diclectric constants which {s undoubtedly due to the purity
of the starting meterial, The devitrified composition ex-
hibits a more strait lined curve at a lower dielectric con=
stant level. This latter effect is undoubtedly due to the
presence of the subtitanates, However the Curle temperature
of this latter material has been increassed to approximately
150°C as compared to 120°C for the solid sintered material,
Figure 2A and Figure 2B on pages 7 and 8 show the electrical
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propertics in the tecmperaturc range 20-200°C of the devitri-
ficd BaTiOa ceramic fircd in oxygen. The power factor is
approximately 0,03 to 180°C then incrcascs very rapidly.

The dicleetric constant cxhibits {ts Curic tcmperaturc at
approximatcly 150°C, then dccreascs to 1200 at approximatcly
230°C, then incrcases very rapidly. Bectween room temperature
and 100°C this compositiosn cxhibits a constant diclectric
constant at 1500, Thus this type compssition cxhibits an
{ncrcasc in Curic temperature. The crystal sizc of the
barium titanate ranges from 0.2-0.5 microns as comparcd to
10-80 microns for the solid sintcred matcriale Xeray dife
fraction shows a gradual transition from the tctragonal te
the cubic up to at lcast 180°C; hystcrcsis 1oops did not show
paraclecctric cffccts until 185°; thermal cxpansion studies
did not cxhibit thc break in the expansion in tempecrature
curves of normal BaTiQ0a but rather a smooth gradual transion
from thc tetragonal to the cubic state, This overall bechavior
{s associated with the presence of the very smell BaTiOs
crystals in the devitrificd ccramics,

The prescncc of the subtitanates in the devitrified
composition is duc to a deficency of Ba0 in thc composition.
It was discovercd that Ba0 was desolved from the glass on
quenching into the distilled water, A scparate study of
this problem (Progress Report No. 7, May 1 - August 1, 1963)
has rcsulted in no improvement. Undoubtedly the properties
of a purc BaTiOs dcvitrified body would bc apprcciably improved

if stichometric could be maintained,
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Suomar

A glass has becn made out of barium titanate by the
melting and rapid quenching of small particles of barium
titanatc, This has bcen accomplished by the flamc-spray
process and rcsults in the formation of small isotropic
sphercs which are solid in nature., Thesc have an expanded
structurc, as cvidenced by thcir low density of L.79 g/ec,
and an indcx of rc¢fraction of 2,25, Their diclectric con-
stant is in the vicinity of 70,

The glass has a crystallization tempcrature of 450°C,
Differcntial thcrmal analysis revcals a large exothermic
recaction between LS0°C and 750°C,

The glass was fabricated into specimens and devitri{fied
into crystallinc ccranic bodics, The sintering of the spheres
occurrcd between 1290 and 1300°C., Densification took place
boetwcen 1300 and 1310°C, the maximum density being achicved
at 1310°C.

The microstructure consists of two phascs, The major
phasc consists of a submicroscopic crystalline mass of
tectragonal BaTiOas, The minor phasc is a low density phase
containing BaTis0g and BaTiay. Thesc phases are present
duc to an excess titanla content in thc bodies. This arises
from solubllity of the baria in water durlng flamc-spraying,

The crystals of barium titanate in the devitrified bodies
% {. arc cxtremely small as comparcd to the size of those in & solid

sintercd composition of barfum titanatc fired under identlical

3 IHLAM:« e d oy e
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conditions., The devitrificd bodics have crystals which are
0.2 to 0,5 microns and less In size whilc the solid sintered
composition has a crystal sizc distribution of 10 to 80 microns.

The lattice paramcters, a and ¢, of the tctragonal barium
titanatc in the devitrificd bodics werc rcespectively 3.986
+ .00k and 4.OL3 + .00L. This gives a ¢/a ratlio of 1,013 as
compared to 1,010 for convecntional barium titanate.

Because of poor packing of the glass spherces during
fabrication duc to their size distribution, the bulk densities
of the fircd body are quitc low, This has been incrcased to
a valuc comparablic to that of the conventional solid sinterecd
spceimens by a pulverlzing study of the glass particlcs prier
to fabrication in order to obtain the optimum com itions for
packing.

The Curic rcgion of the devitrificd bodics has been
investigated by diclectric constant and hystercesis mcasure«
mcnts, X-ray diffraction, thermal cxpansion and by optical
mcans, These measurcments rcveal that the behavior is dife
fecrent from that of conventional barium titanate ceramics.

The dielcctric constant-tecmperaturce mecasurements show an
increase from the usual 120° to 150°C. The hystercsis loops
did not show a paraclectric transition untii 185°C, X-ray
diffraction showcd a gradual transition from the tctragonal
to the cublc structurc up to at lcast 180°C, The thermal
expansion curve docs not show the discontinuity in the Curie

region that thc conventional bodies havce It ls characterized
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by an continuous curve which 1s smoothcd out bectwecen 110 to
185°C. Thc optical study showed a pragrcssive disappearance
of bircfringence over the temperaturc range of 120° to 185°C,

The room temperaturc diclectric constant of the bodies
was 1280, Thc tcmperaturc dependence of the diclectric cone
stant has bcen climinatcd to a large cxtent in the devitri=-
ficd bodiess Thc temperature coefficicent is cither zero or
slightly negative, The Curic diclectric constant at 150°C
is 2350, Thc maximum in thc curve at the tetragonal to
orthorhombic transition has bcen for all purposcs ecliminated
in the devitrificd bodies,

Devitrification of thk bodics i{n an oxygen atmosphere
improvcs the bulk densitye This is reflected in the dlelcetric

constant mcasurcmcnts,

Conclusions

1. A purc glass of barium titanatc can be formed by
the mclting and rapid quenching of small particles,

2. Small crystals can bc attained in thc fired ceramic
by devitrification »f this glass,

3, The diclcctric Curic transition has becn shifted
from thc conventional 120°C to 150°C,

e The shift is associated with thc prescnce of small
BaTi10s crystals in the devitrificd ccramic,
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Final Report « Part I1I
A STUDY OF BORON NITRIDE AND THE EFFECT
OF ADDITIVES ON ITS HYGROSCOPICITY

Introduction

-

Hot pressed boron nitride, in solid and powder form,
has a hexagonal crystalline structure simlilar to graphite,
The solld form is a dense, strong body whose properties are
directional because of the partial orientations of the platew
like crystals during fabrication, The most interesting
featuree are the excellent electrlcal properties including
high resistivity, low loss and high dielectric strength,
even at elevated temperatures,

At low and moderate temperatures its resistivity apm
proximates that of high alumina ceramics. Under conditions
of very high relative humidity, its resistivity is somewhat
lower,s Its dlelectric strength is in excess of 250 volts
per mils At high frequencies, the dielectric constant of
boron nitride does not vary in the temperature range between
75° and 900°F, Tables 1 and II on page 16 show the electrical
properties of industrial hot pressed boron nitride,

Along with its dlelectric properties, 1ts physical
properties are also considered excellent, It has & hardness
of 2 on the Mohs scale but its resistance to sandblast is
equal to that of plate glass, ]

Boron nitride resists attack from most corrosive

Rutgers, The State University
Signal éorps Contract No, DA~36-039-sc-891u1
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materials, only watur bearing compounds causc any effect on the

matorial, 1ts machinablility is equal to that of plastics.

Toble L
Elcctrical Propertics
Dissipation Factor Dieclcctric Constant
Freque~  75°F 600 °F 9200 °F 75°F  600°F 900°F
ney c/s A Dircction _
102 0.00103 0,032 1,0 Lol b 9,0
10k o,00042  0,0013 0,1 1,15 emme 8

106 0.00020 0.0012 0,0086 1,15  ee= .25,

108 0.000095 L L YT LY Y LY 1} lL.lS LY ] “..15

B Dircction
1010 0,0003 0,000l 0,0005 L¢80 == 11,80

A Dircction = Lleasured parallel to molding pressure

Is Diroction = lleasurcd perpendicular to molding pressure

Zable 2.
Resistivity vs, Hunddity .
Ro H.Z Resistivity at R, T, (ohm-inchgs)
20 1.9 x 10!
50 2.9 x 10%°
90 1.9 x 10°

From Tables I and 11 it is obvious that the electrical
gocpertics are cxcellent and arc in tho ultra low ' raaige,

however, actual usc »f this ot rlal Incleat-s that It e

erkodly affocted by ofsturce with th: - lcetrical prapirtics

d-terisratiag quitc rcadily with high huialdity.
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It is obvious that boron nitride ccramics have many
desirable properties and if the effect of mois?ure could be
eliminated or overconmc the wmaterlal could be used advantag-
cously. Thus, thc object of this phase of the effort 1s to
deternine the fundamentals and procedures by which molsture
rosistanct boron nitride cen-be made, The detalls of this

work moy be found in Progress Report No, 7, May 1 to August
1, 1963

Fracedure and Rosults ,
Boron nitride ceramics cannot be¢ prepared by sintering.

The crystalline phase starts to dissoclate above 1600°F,
Attempts werc made to sinter in the presence of a low tempe
eraturc glass however advantagcous propertics are so diluted
that the final product was of little significence, Further
only a very fcw glasses would wet the crystalline phase
which was a very limiting factor. Thus hot pressing is the_

only forming or fabricating method that can bec uscd., It was

soon learned that the powdered boron nitride supplied

fndustrially could not be hot .ressecds Further neither of
the two firms supplying this material at the time this work
was being done would supply a hot pressible material - they
would supply only hot pressed blanks from which specimens
could be machined or the powdered meterial which would not
hot press, So it bocame neccessary to learn how to prepare
boron nitride that would hot press,
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A, Properties of Industrial Hot Presscd Boron Nitride

1
o e g

Scveral small batches of industrially supplied hot
presscd boron nltride were purchased. The molisture absorption
was as high as L4.7% Specimens were machined and the power
factor and dielectric constant dctermined at several levels

of relative humidity as noted in Table 3 beclow,

Table 3
Electrical Propertics of Industrial BN vs, Relative Humidity
Humidity Powcr Factor Diclectric Constant
100% Not mcasurcablc ———
93% . 11200 3.1
«. 85% + 2100 63

73% «0975 6,8
67% 0190 7.8
LWL ,0021 Le6
3L% .0015 -
Dry .0009 515

; The offcct of 100% Relative Humidity vs. Time on
Surfacc Resistivity is shown in Table L belows

Table L

Surfacc Resistivity vs, Time at 100% Relative Humidity

Time (Minutcs Surfacc Resistivity gohmsl
]
10 2 x 10*

-ﬁg 20 4 x 10°
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Timc (Minutcs Surfacc Resistivity (ohms
30 9 x 108
140 3 x 10%
50 17 x 10%8
60 6 x 102
70 3.5 x 10%
80 2,5 x 102
90 1.9 x 10*

100 1.6 x 10*
110 1,2 x 102
120 1,0 x 102

At 75 and 507 rclative humidity the rcesistivity is
grcater than 10*® ohns,

Furthcr it was provcen that boric oxidc is prescnt in
the boron nitridc and can bc digsclived from ft. Thus this
hot prusscd boron nitride {s quitc porous and solublc BaQa
1s prcsunt, and both factors contributc to the loss of

clectrical propertics under high humidity conditions.,

B, Hot Prcsscd Boron Nitridc Made With Industrial
Powdered BN

As notcd above industry would not supply hot-prcssible

boran nitridc so it bcoccame nceussary o lcarn how to make it,

The first phasc was to attcmpt to usc purc industrial powdcrcd
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BNe A study of thc litcraturc including numcrous patcnts
rcvcalcd that at lcast 2.5% BaOs and somc Ca0 was ncccssary

to hot prcss boron nitridc., The composition which cvolved
cxperimentally is as follows 83% purc BN, 7% BaOa and 10%
Caa(POs)as This agrccs with the patcnt litcraturce Howcver
this composition cxhibitcd 22% molsturc absorptions, A scrics
of additivcs, sclccted for épcclfic reasons, were madc to the

above composition and scveral otherse The moisture absorption

was dccrcascd to 1il. 3%,

C. Hot Prcsscd BN Made From Laboratory Proparcd Matcrial
Sincc the lowest moisturc absorption attaincd using
industrial powdcred BN was 1l,3% it bucame ncccssary to lcarn

how to makce the hotepressiblc BN, The patent litcrature
rcvealed that to form this phasc, it was ncccssary to first
form a mixturc of boramidcs (BNHa)® and borimidcs Ba(NH) s,
This mixturc converts to BN during hot pressing. The starting
matcerials arc two gasscs namcly bsron trichloridc and ammonia,
The two gasscs were allowed to flow at the proper ratcs into
an cncloscd porcclain coantaincr when they reacted to form a
whitc, fluffy, snow-likc solid, This matcrial was thon hcated
to 600°C in an atmosphcrc of 0s and Ha to drive off volitilc
fmpuritics and form thc mixturc of boromidcs and borimidcs,
The meterial was then rcady for hot pressing during which

it was convcerted to BN, This hot prcsscd material had a

moisturc absorption of 30%.

TR
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A study of thc hot prossing variablc rcvealed that 1850°C
and 3000 psi wcrc the optimum tumperaturc and prussurc rose
pcctively which resulted in a moisturc absorption of 3% as
comparcd to 4% for the industrial matcerial., A study of
additives at 0, 1 and 5 molc per cont of a numbecr of salcctcd

additives revealed that all fnercascd the moisture absorption

Pyrolytic Boron Nitride

Baron nitridc ccramics arv. also formcd by pyrolytic
depositions and {s {ndustrially avallablce, This form is
much morc oricntcd than the hot prcesscd material, It is
cssentially purc and definctcly docs not contain BaQas, Its
moisturc absorption was found to b¢ 0.3% as comparcd to
Le7% for the commercially hot presscd matcrial, The physical
and c¢lcetrical propertics of both types of BN arc similar,

Summar

Hot presscd boron nitridc has many advantagcous cngine
eering properties, especially electrical properties including
high rosistivity, low loss and high die¢lcetric strcngth, cven
at high tompcraturcs, However they tond to detcerioratc under
high humidity. Thc objcct of this cffort is to attcmpt to

overcome this short coming,

Dok

. “ﬂihw“ s Binsb I




! o

w 22 =

A study of {ndustrial hot pressed BN revealed that it is
porous, up to L. 7% moisture absorption and contains soluble
boric oxide, These conditions result in the deterioration

of the electrical properties,

In order to attempt to remedy these short comings a
program was pursued to determine the compositions necessary
for hot pressing, This was determined from the literature
and experimentallys A phese of the study entalled the addle-
tion in small quantity of selected additives to assest during
hot pressing, The best quality attained was 22% molsture
absorption, Thus the boron nitride as supplled was not hat
hotwpressible nor could it be made so by additives, Industry
would not supply hotepressible material so it became necessary
to learn how to prepare it, This was accomplished and after
a study of the hotwpressing variables, the best quality prow=
duced exhibited 3% molsture absorption; that available from

tndustry exhibited L%, Selected additives showed no improve=
ment s,
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Final Report = Part 111
TRANSPARENT POLYCRYSTALLINE CERAMICS

Eo—

Saction A « Anisotropic Crystalline Phasecs

Introduction

The objective of this phasc of the program is the
dovelopment of a highly transluccnt or transparcnt poly=-
crystallinc ccramic body. The matcrial should have cxtroemcly
high density (within 0,5% of truc deasity), high purity,
small crystallinc sizc, and {mprovcd homogencity and grain
boundary structurc,

Cubic crystallinc phascs, such as magncsia and spincl,
must bc ultimatcly utilizcd as anisetropy will be climinated
with these matcrials, praducing optimum rcsults, Howcver
for this phasc of the work it was decided to usc alumina
principally boccausc of {ts importance in diclectrics and

to attcmpt to clarify some »f thu detalls in its prcparation

as a transparcnt matcrial,

Mcthad of Approach

In this investigation, compacts of alumina werc fired

according to the goneral procedurce described for the manue-

Rutgers, The Statc University
Signal Corps Contract No, DA=36=~039~sc=891L1
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fracture of General Electricts Lucalox, a commericel, transe
lucent alumina body, This bbdy is prepared of substantlally
pure, finely~divided alumina, contalning 0.25% Mg0 to inhibit
grainegrowth, A twoefire procedure is used, the first to
remove gasecontaining pores, the second to induce trensparency,
A hydrogen atmosphere is used, The first firing is accomw
plished at a temperature of from 1650°C to 1750°C, for a period
of from 50 to 300 minutes; the second at a temperature of from
1850°C, to 1950°C, for a period of not less than 15 minutes,
The principal difference in this investigetien is that & comw
bination of atmospheres was to be employed. The specific
procedure established is as followss the samples were first
fired to 1700°C for 100 minutes in one of four atmospheres:
hydrogen, oxygen, argon or vacuums Then, the samples were
refired to 1900°C in the same or a different atmosphere, for
periods of 15, 60, and 300 minutess For example, twelve
specimens were fired in argon at 1700°C, Then, groups of
three were refired at the higher temperature in each of the
four atmospheres respectively listed above, one each at each
of the three time periods listed above, This proceedure was

repeated for all atmospheres in the first fire,

Procedure

The materials used in this study were "Linde A" Alumina

as the source of Als03, and Baker!s magnesium nitrate crystals

as the source of Mgo,
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The furnacc is an atmosphcerc induckton furnacc and is dcs-
cribed in dctail in Progrcss Report Noo L, August 1, 1962

to November 1, 1962. Specimens were fabricated in the
following way: Onc¢ hundred gram batches werc weighed out

on an analytical balancc and placed in a glass jar, Magncsium
nitratc solution was added to givc the corrcct Mg0 content,
and cnough watcr to form a slurrye The Jar was scalcd and
agitatcd. The slurry was then poured into a pan, covered
with alumina foil, dricd, and thcn ground in b mortar with a
pcstlcs Discs 5/0 inch in diamcter and 1/ inch thick werg
pressed at 50,000 psi using a hydraulic prcss,

Bulk densitics and molsturc absorptions were dctormined
by the watcer immarsion tuchnique, Transparcncy measurcments
werc made using the Lumctron 1j02-E Colorimcters Color filtcers,
cach {solating wave banas 30 millimlicrons wide, werc uscd t9
obtain spcctral transmission curves in the visiblc rangc for
those specimens transluccnt cnough to give recadings. The
spceimens were not polished or otherwisc specially proparcd
for thecsc mcasurcments, but were tested Just as fabricatcd
and fircd., Polished spccimens were uscd for microscopic
cxamination. They were polished with diamond grit paste
on an "automct" polishing machine, To bring out thc grain
structurc, they woere ctched for 75 minutcs with concentrated
hydrofluoric acids Thc following data werc dctermined: maxe
imum and minimum grain sizcj averagc grain sige; average sizc

of porcsy location of porcs.

e
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Density results arc shown graphically in Figurcs 1
through l. on pages 27through 30. Density incrcascs from
the first to the sueond firc and is shown in two ways.
Figurcs ! and 2 show the c¢ffcct of scecond firc in all
atmosphcras rospectivaely on all speceimens having the samc
first firc atmospharce whilc in Figurces 3 and Iy arc plottcd
the densiflication ratc for thosc spccipens having the samc
atmosphcre in the sccond firing and thc scvcral atmosphercs
respoectively during the first firing,

Inftial (first-firc) densitics were lowest with argon,
averaging only 3,77 g/ccs The densitics after the first
firc were ruch higher with the other throc atmosphercs,
averaging 3.89 g/cc or ebout 97.5% of thcorctical density,
with hydrogen, oxygen and vacuum, All spucimens inercoascd
in dcnsity the sceond firce Thosc samples fircd initislly
in argon showcd the highcest inecrcasc during the sccond fire,
but this was due to their having the lowest singlo=fire
densitics. In general, thosc speccimens hav ng the lowest
singlc=firc densitics showed the largcst incrcascs from
first to sccond firc.

It appcars that the first firc i{s thc important onc,
in that it sccms to bc the limiting factor in densification,
In 2thcer words, the degrec of densification possible in the

sccond firc i{s dctermined by that attaincd in thc first firc.

1o
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Fi{gure |

DENSITY vs, LENGTH OF SECOND FIRE
A, Specimens Having Hydrogen First Firae
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Figure 2

DENSITY vs, LENGTH OF SECOND FIRE
A. Specimens Having Oxygen First Fire
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Thosc samplcs fircd initially in argon rcemaincd lower in

density than thosc fired in the othor two atmosphoercs and
vacuum, c¢ven though they oxhibitced a grecater perecntage
incrcasc in density from first to sccond firc,

The graphs show that hydrogen, oxygen, and vacuum
bechave similarly in their cffcect on donsification, The
spceimens fircd in cach of the three show similar initial
densitics; whilec tho ratc of densification in the sceond
firc is about thc same whether the specimen was fircd In
the samc or diffcront atmospherc, In all eascs, theorcticeal
density was approachcd in the five hour f£ire in hydroges, oxygen
and vacuum for this¢ spucimens fired intially in any of thesc
thrce atmosphorcs,

Thosc spccimsns fircd in argon only cxhibitcd lowcr
dcnsitics than for the other specimens in all sccond=firc
atoosphercss Only aftcr the five hour firc in hydrogen did
any of thesc spucinens approach the densitlics obtaincd by
thc other first firc stmosphercs, 1In all casecs, therg
appcarcd to bc a limiting density when thoe atmospherc for
the sccond firc was argon.

Maturc bodics with 0,07 molsturc absorption wecrc obtained

only whcn the total porosity was rcduccd to 1,0% or lcss,

Transluccncy Mcasurcments

Only a fcw spccimens fircd under a rather limited sct

of conditions as shown in Tablc 1 bclow cxhibited a sufficicnt
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- L degrec of transluccncy to obtain mcasurcments on the colori=-
é mctor. All spccimens, cxcept thosc for which the first
firing atmosphcrc was argon, worc transluccnt by visual
inspcction, that is, when the spccimen was held up to the
1ight and a finger placcd bchind the specimen, the shadow
of thc finger could be scen through the spccimen. Although
in thcory thc colorimcter will give all rcadings from O to
100%, therc appears to b a minimum, or threshold valuc,
below which it ts not scnsitive cnough to give rcadings.
This thrcshnld valuc appears to be in the order of 30%. In
otber words, unless thy spuclien passcs at lcast 30% aof the
1ight, no readings could bc obtaincd, Transluccney moasurce
- mcnts for thesc spccimens arc given in Table 1 below, AlsO
) included arc thc valucs for the commecrcial alumina,
Tablc 1
Light Transmission, %
Filtcr # Lucalox A B c D
3%0 70 35 Lo L5 : L5
1,20 70 1o us 50 50
L.65 70 Lo LS 50 50
515 75 45 L5 50 55
550 65 4o Lo LS 50
575 55 30 35 Lo Lo
| 595 50 30 35 35 3
’ & 620 140 - - - -

660 30 e - - -
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Figure 5

GRAIN Srzr .. vs, LENGTH OF SEQOND FIRE

A, Specimens Fired Initially 1n Argon
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B. Specimens Fired Initially In HY‘“’V.
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- Argon Second Fire
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Rutgers, The State University :
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Figure 6

GRAIN SYwg . ve, LENGTH OF SEGWND FIRE

A. Specimens Fired Initially ln Vacuum s
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B, Specimens Fired lnitially In @xygen
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Contract No, DA=36-039~s8c~891L1
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Hecat Trcatmcnt and Environment

1st Firc o o° va \'
2nd Firc - - Va 0a Vv A\
Time of 2nd

Firc(mind) - 300 300 60 300

1 Firced in Vacuum

Microscopic Examination

Grain Growth vs, Lcngth of Sccond Firc of all firing
atmygp hiure combinatisns studicd arc shown in Flgurcs § and
6 on pages 33 and 3L,  For comparison, the grain sizcs for
Lucalsx arc as follows: Maximum grain sizc, 65 microns;
minimum grain sizes 15 mirrons; avcerage grain sizc, ;0 microns.
Grain growth increascd with tim. during the sceond, or higher
firce, for all firing atmosphcres combinations, The ratc of
growth with argon was the lowcst of all atmospheres.s When
hydrogcn, oxygen, or vacuum was uscd during the first firing
the ratc of grain growth was somcwhat highcr for argon than
for the othcr atmospheres after the sccond firing; howcver,
thc grain sizc for specimens fircd Initially {n argon was
lcss in the sccond firc for all atmosphergs. The grain
growth pattcrns for all spoccimens show fairly goad corrclation
with spccific gravity dcterminations; furthcermorc, thosc fow

spccimens which showcd mcasurablc transluccncy valucs gencrally
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cxhibited largest grain sizc. The only cvidcenccs of cxage
gcrated grain growth were found with thosc spocimens which

were fired in argon in thelr first firc,

Discussion of Rcsults

Specific gravitics after the first firc werc fairly
low, which may cxplain why no transparcncy was devcloped
in the sccond firc, It i{s belicved that the body must be
ncarly theorctically densce after the first firing 1f any
appreccliable transluccency is to be developed in the suuond
firce A longor firing timc in the first firce ray be noccese
sary. Furthcr a rather large quantity of voids was prescnt
in most cascs. Volds arc dctrimental to transparcncy as they
diffract light rays passing through the body, It was found
that thosc bodics which c¢xhibitced some dogree of transparcncy
were of low vold content, 0.5% or luss.

Ncarly all samplces were contaminated with molybdenum,
In most cascs thc contamination was on thc osutside of the
spccimen, and nost of it was casily ground off, howevcer,
nost of the specimens were left with a grayish haze on the
surfacc, which undoubtcdly influcnced transluccncy mcasurc-
mcnts., Microscoplic cxaminations showed very fcow porcs present
for thosc spccimens approaching truc denslity and it is bclicved
that the contamination had 2nly a small cffcct on thesc

ncasurcmncnt s,
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(VJ One of the most important factors causing the low degree
of transparency mey be the anisotroplc properties of alumina
which may cause light rays to be scattered in much the same

way &8s do volds, The use of cublc crystalline phases should
overcome this problem,

Summary ) _ i

The object of this phase of the program was the develop;
ment of transparent polycrystalline ceramics. Alumine, though
an cnisotropic crystalline phase, was selected for study with
the apgroach betng to utilize the procedures and kngwledge
disclosed ror maKing "Lucalox", the industrial transparent
polycrystalline ceramic; but further, to study the effect on
varying firing atmospheres on transparency,.

Alumina bodies were prepared from a substantially pure,
finely=divided alumina, with a minor additlon of magnesia to
inhibit discontinuous grain growth, The specimens were fired
to 1700°C for 100 minutes in one of four atmospheres: argon,
hydrOgeﬁ, vacuum, or oxygen., They were then given a second
firing in each of these atmospheres respectively to 1900°C
for a perlod of from 15 minutes to 5 hours, .

Specific gravity, moisture absorption, and total porosity
were determined for each set of firing conditlons; translucency

measurements were taken for those specimens capable of transmitt:

L
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at lcast 30% of the incident 1tght; furthcr, 2 microscopic
cxamination was madc of thc spceinmens including porc sizc
and porc location, and, grain sizc; and finally the microe-
structurc was rclatecd to the other results, Specific
gravitics approaching thcorctical werc attaincd howcver

the rcsulting transparcncy wes less than that of Lucslox.
This may be duc to molybdcnum contanination but morc likcly
ts the cntrapped voids.

Viith the cxception of thosc specimens fired In argon,
all goencrally acquircd a grcatcr densification during the
sccond firce when the amblout atmospherc was the samc as that
in which tho specimcn was sintoerced during the first fire, On
the wholc, howcver, hydrogen, oxygen, and vacuumesintercd
spucimens shiowed ncarly thoe same results with both donsie
fication ratcs and grain groawth, Fairly good corrclation

was found betwcen densificatisn and structurc,
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Final Report =~ Part ]
TRANSPARENT POLYCRYSTALLINE CERAMICS

Section B = 1Isotropic Crystalline Phases

Introduction

Most cffort to the prcsent in the sintering of pure
oxidcs and attempting to attain theorctical dcnsity has
becen with alumina. In general the best resulting specimen
exhibits a rather high degree of transparency when the
ccramic specimen is in dircct contact with a surface., As
the ccramic speccimen is moved away from thc surface tnc
transparcncy quality disappecars, This is the case even
with General Electric Company's "Lucalox." The rcason for
this effect may be the anlsotropy of alumina since the
system {n which it crystallizes {8 hoxagonal,

Section A of this part deals with ¢fforts devoted
to alumina., The results attaincd arc in accordance with
the discussion above. The object of this phasc of the
work was to attempt to attain thcorctical deasity utilizing

a stable, refractory, strong, cubic crystalline phascs,

Procedure and Expcrimental Data
Magnesium aluminatcs, MgAlsOs, was the spincl composie

tion chosen to begin the cubic phase investigation., 1In

Rutgers, The Statc University
Signal Corps Contract No. DA-36-039-sc-891L1
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order to aid in the formation of the spincl and to insure
very small particle size, the raw materials chosen were
rcagent grade ammonium aluminum sulphate and U,S.P. Magne=-
sium sulphatc which were compounded to form MgAlaOs. These
materials are transformed totally into a liquid phasc between
200 and 500°F, As the temperature incrcasecs, the liquid
boils giving intimate mixing., With continued heating to a
tcmperaturce of 1832°F and soaking until all the volatilcs
arc driven off, magncsium aluminate spinel i{s formed, This
is thc only phasc deteoctable by Xeray diffraction,

The calcined spincl which was very soft and fluffy was
passed through a 200 mesh screcn and then pressed into
discs, Approximately 15% water and e pressure of 5,000
psi warc used in the formation of the dises, A solution
of stearic acid and carbon tetrachloride scrved to lubricate
the die, The discs next were placed into a dryer (150°F)
for a day.

The spincl discs were fired In a gas fired kiln {n
an air atmosphere on zirconium setters to find the maturing
temperature of the spinels The fired bulk density and the
moisturc absorption werc measured by the watcr immersion
method. The results were calculated by using the following

formulas:

D
Db = g~ = Bulk Density (g/ce)

CL

i o £ ook st




o (AP AR T Y

I
P
Jﬂu-«,a_ il st 1

- ll w

MoA, = LV._E..P. = % Moisture Absorption

wheres
D = the drv weight
W = the wet weight

S = the suspecnded welght

The data and calculated rcesults are listed in the

following tablec, and thcy arc shown in the Figures on page

Tcmperature Soak(hrs) Bd(g/cc) Me A (%)
2700 1 3.0h2 L,.95
2732 1 3. 347 1,34
2800 1 3.356 0. 62
2900 1 3. 365 0,54
3000 -—- 3.389 0,05

(Theorctical Density of MgAlsOe = 3,58)

Rosults

As can bc scen from the table, the highecst density
obtained was 3.3089 at a moisturc absorption of ,05%. This
density s 9L.6% of thcorctical dens ty. Probably a higher
density could have been obtaincd at longer soak times or
higher firing tcmperaturcs. Also sintering studics in various

atmosphercs would probably have improved the density,
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Summar

A study of the sintering characteristics of the cublc
crystalline phase, namely spinel MgAlaOs«, was initiated,
The raw materials selected to form the compound are magnee=
sium sulphate and ammonium aluminum sulphate (alum)y On
mixing in the correct proportions and calcining these come
pounds melt between 200 to S00°F and mix intimately. On
further calculation the volitiles are dried off and spinel
1s formed at 1830°F, This spinel is then fabricated into
specimens end fired, Firing in gas fired kilan to 3000°F
results in a bulk density of 3,389 (which is 9L.6% of the
theoretical density) and e moisture absorption of 0.05%.
Firing at increased temperatures and also in controlled
atmospheres would undoubtedly result in attaining of

theoretical density and a high degrece of transparency,
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Final Report « Part IV
LANTHANUM'ALUMINO SILICATE DIELECTRICS

Ob ject
The object of this invecstigation was to devclop a
material with a diclectric constant »f 15 and power factor

of 0.,0005 at microwavec frequencics,

Approach

The approach to this problcem was divided batwecen two
systense The first systom was a study of glassecrystal
composites in the lanthana~aluninaesilica system, The second
systcm comprised a study of purc ceramic conpounds with the

major portion being devoted to the titanatcs but also including

the stannates,

The first systecm cvaluatcd was the lanthana~alumina-silica
ternary, Unfortunatcly there was ne ternary phase diagram
availablc for this systcm so that littlc was known about the
compounds within the tcrnary.

Howcver, it was known that LaAlOas had a diclectric
constant of 26 and a power factor of 0,003, It was thought

Rutgers, The State University
Signal Corps Contract No, DA=36=039=sc=891l1




that by blending Si0a with the lanthanum aluminates both a
glass and a lanthanum silicate compound would form. The
cffect of the glass would be a reduction of the diclectric
constant and it was anticipatcd that the lanthanum silicate
compound would give lower losses. Thc compositions that

were cvaluated arc given in the triaxial {n Figurc 1 on page

A.__Conventional Firing

Conmpositions were prepsrcd by normal methods and then
fired in a gas iiln, Various compositions werec evaluated
for diclcetric properties and were found to have propertics
to decserve further considcration, Onc such compositi{on had
a diclectric constant of 15 and a power factor of 0,000l at
onc mcgacycle,

Many problcms were cncountcred with this method., One
of thcsc was that thc compositions all had short firing
ranges, Thus, attempts to produce samples large cnough
for dielcctrometer measurements proved unsuccessful,
Furthermorc, thesc samples all had a large percentage of
glasse This largc pcrcentage of glass (/A7 12%) would lower
the dlelectric constant along with changing the power factor,

Another problem cncountercd was duc to the hygroseoplaity
of the lanthanum oxidc. Beforc this oxidc could be weighed,
it had to be calcincd to remove all the water, Becfore the
oxidc could be pressed and fired, it also had to be free of

water. If it were notjthere would be an evaporization of the
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water during firing., This would result in the formation of

SRR N - A=

volds within the body and also in the dissoclation of the
body. Thus to make surc that no water was present at any
time during the centirc process, an intricate and long fab-
rication proccss was deviseds The first part of this process
included clacining the oxide 24 hours beforc it could be
wcighed, After mixing, thc batches werc wot ballemillcd for
six hours, then removed from the ballenmill for six hours,
then rcmoved from the ballemill and placcd in a dricr overs
night, This step rcmoved the watcr of mixing but did not
remove the hydroxidc associatcd with LaaOa, Vhen dry, the
oxides were presscd into discs and then calcincd at 1200°F,
Aftcr dach day of calcining, thc discs werc crushed to pass
through & 200 mcsh, This was donc to insurc intimatc mixing.
After the third day of calcining, the discs werc crushed and
then represscd into discs and fircd conventionally in a gas
kiln. This cntirc proccss took about 1 wecek,

Even though this tcchnique by itsclf could not be utilized
dug to thc prebloems proviously discusscd, it did indicate that
the compositions cvaluated had diclectric propertics which

werc of {ntcrcst,

B, Aftcr Firc Hcat Trcatment
i Various sampics which had bccn fircd by conventional
mcans appcarcd somcwhat overfircds It was thought that by

®
(i a8 sccond hcat trcatment, an apprcciablc amount of glass might
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be devitrificd to render lower losscs and greatcr:dislccetric
conatants,

These poorly fircd samplcs werc refircd at temperatures
about JOO°F bclow tho first-firc tompcraturc for prolonged
periods of time, 1In cvach thc power factor dccrcascd appre-
clably going from, ,0018 t> ,0005 in various cascs. Rc=-
firing of thcsc samplcs to a higher tcmperaturc resulted
in an incrcasc in the power factor to a valuc samewhat lower
than the initial power factor, Thc diclcctric constant
showed 1ittlc change with thesc fircs,

The improvamcnt in power factor is duc to continucd
crystal formatlion or growth, rcsulting in tying morc of the
1ossy inns in the erystallinc phase where they contributc
much lcss to lossincss. Whecn the power factor starts to
incrcasc again thc crystals arc bcing dissolved resulting

in a highcr glass content which {necrcascs thc powcr factor,

C.__Hot Prossing

The ncxt approach tricd was that of hot-prcssing the
composition, Thc first attcmpts to hot-pre¢ss were made
using carbon dics but this lcd to carbon contamination within
the spccimcns, Even though the firing tcmperaturc was bclow
3000°F, thc contemination still occurrcd duc to carbon in the
atmospherc and 1720sc carbon from the dic wall. Bcsides this
problem, thc matcrial was cxtromcly difficult to vitrify.

Normally, at thc vitrification tcmpcraturc, a composition
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will form some glass, become viscons and then start to extrude,
it was found that In these compositions a glass was formed
approximately 200°F beclow the reaction temperaturc which made
it impossible to find the correct vitrification and maturing
temperature by applying pressure., Consequently, only about

1 out of 5 of the specimens that were hotmpressed come out
fully reacted and fully vitrified, )

Despite the fact thet almost all of the specimens that
were hotwpressed had a glassy sheen, most of them were not
completely reacted with respect to the LaaOs, This effect
took place with only the smallest amount of free lanthanum
oxide remaininge This condition gave an easy and fast way
to determining whether a body was completely reacted and
matured,

These measurements were made with the use of a wave
guide apparatus, With this technique the power factor of
these low loss samples couid not be measured, The maln
reason for this is that only relatively small samples were
able to be produced, The power factor as determined i{n the
wave guide {s the combinatlion of the power factor of both
the sample and the wave guide, In the case where the sample
{s large, the major part of this "total" power factor is due
to the sample and the effect of the wave guide is negligible,
When the sample size is decreased to the sige sample that
hed been fabricated, the loss of the wave guide compared to

the loss of sample becose large, Therefore, an accurste
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determination of the power factor of the sample could not be

made, When the specimens were underfired they would dise

integrate back into powder., This became apparent within a

2L, hour period, .
Various compositions that were hot pressed were measured

at microwave frequencies, The results of these evaluatlons
are glven bhelows

Table 1
Frequency Temperature Dielectric
Body Mole 7 [BMc) oF Constant
K15 LasOs 26.L B.52 72 13.9
Als0a 65.0 9, 6L 72 10,15
8!0a 846 B.52 300 14,0
9.64 300 10.35
K15 + 1 LasOs 2643 8452 72 12,2
Ala0 s 6L 5 9g6h 72 11,1
$10a 942 8452 300 12,45
9.6 300 11,3
KiS + 3 Laa’0s 25,4 8s52 72 1098
Ala0a 6Led 9,6h 72 9148
$10a 10.5 8.52 300 10.85
9464 300 9.81

De _Prereacting
The major problem encountered wns the extremsly short
firing range that is, before the Laoa0a could react the speciw

mens was distorted or melted, It was anticipoted, however,
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that {£ the compositions werec prc-rcacted ﬁo compiction, the
compositions during a sccond firc would have an adaquatc firing
range., Thc sccond firc would also scrve as a control upon

the glass pcrcontage and help to increase the density duc to
sintcring of the particles.

Pcllcts approximatcly 1-1/2" high by 1" {n diamctcr were
prcssced and placcd into an induction furnacc in which moly-
bdenum was uscd as a susccptor. The pellets were then heated
to a point where they were completely reacted. Although the
samplcs werc completely recacted, thoy werc contaminatced with
molybdcaums A tcochnique was devised in which an alumina tubc
was placed between the molybdenum lines and the pelleese The
samplcs fircd {n thls way werce rcacted and frec from any cone
teminatian,

Precliminary tcsting was carricd out an the LSA-5 com=-
pasitisn at four prec=firing tcmpcraturcs, What was detormined
from this investigation was that the alumina shiclding toche-
niquc climinated any contamination, Furthcr, as was antici=-
patcd, thcre apparently was an optimum prefirc and second fire
temperature which gave a8 low loss body. With the elimination
of the impurities the results were predicible and the mechane
isms understandable., Thus, this physical barrier technique

was used for investigation of the remainder of the ternary

systems
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FLOT OF COMPOSITIONS

Las0 3,2510a,,

LaBO 3.310 2 /
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Rutgors, The Statc University :
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Ee_Results

T@é cOmpo§itlon§ that were sclected are plotted_in Figure
1, these compositions arc in 10% increments which was dcemed
adcquate for this study., The main reason for this was that
therc was no ternary compound reported for this system, Thus,
all of thc propertics of the compositions will be relative to
the properties of the binary compounds and the glass phase and
their percontages within each composition. However, they will:
also be effected by changes in the physical structure of cach
body such as porc size, percentages of glass, crystals and pores
graln slzc, and crystal size.

All of thoe compositions that werc maturcd had electrical
tests performed oﬁ them, For cach composition, & minimum of ten
samplcs were evaluateds The clectrical properties given in
Table 1 on page 53 represcnts some of the more consistent values
obtaincd, Some of thesc values are plottcd in Figure 3, Bafore
an understanding of thesc results could be attained, data was
needed concerning the percentages of the various phases within
cach composite. Therefore, a polished scction was made and
analyzed petrographically for cach atmosp heres, The results of .
this analysis are given in Tablec £ » It should be noted that
only one polished section analysis was made for cach composition.

The first thing to be noted ls that the tan é;of composie
tions containing all but a small amount of LaAlOs becomes
fairly highs This, of course, is understandable since LaAlOa
as a single crystal has a loss of 0,0033 and so its cortribuw

tion to a polycrystalline composite will raise the losses
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TAJLE 1

Dielectric Properties ol Compounds

Pre« Rcw
Comp- Sample fire [fire
osition No. (9F) (°F)
5 91 2535 2160
92 - 2120
L - 2200
13 - 2100
T - 2220
72 - 2160
6 7 2600 2400
2600 2620
7 5 2140 2420
15 -w 2320
8 S 2700 2710
6 -w 2710
11 s 2700 2800
-- 2820
12 12 2650 2680
1 - 2660
13 2 260 2460
6 - 2430

soak Kiln
{Hre) & X
2 1 7.82
3 1 7.84
T 2 770
11 2 T.7%
3 2 7.68
9 2 T1.18
1 3 707
1 3 7.68
b 1 7.08
16 2 7.00
1 3 10.03
1 3 10.1L
1 3 12.30
1 3 12.40
1 3 9.53
1 3 953
1 2 8.12
2 2 8.40

Moisture
- Absorp=
Tan:. Bulk tion
(%) Density ()
0.092 3.83 0.01
0.062 3.85 0.00
0.135 3.70 0.05
0.080 3.78 0.01
0.061 3.83 0.00
0,053 3.84 0.00
00075 1}..21]. 0003
0.081 3,70 0.06
0.087 3.68 0.0
0.123 L.76 0.04
0.124 4.78 0.03
0.156 5.15 0.08
0.132 5.18 0.06
0.242 5.19 0.08
0.250 ge11 0.07
0.067 3.73 0.00
0.095 3.71 0,01
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C TABLE 1 (Cont.)

| 1 3 2580 2620 1 3 11.32 0.232 L4.32  0.08

15 6 2600 2760 1 3 12.08 0.375 5.05 0.02
5 - 2740 1 3 12,95 0.31} 5.03 0.01
17 6 2650 2590 1 3 8,32 0,09 3.65 0.01

7 -- 2600 1 3 8.73 0.093 2.67 0.01

18 3 2650 2760 1 3 10.30 0C.324 4.87 0.0
Iy - 2780 1 3 10.00 0.387 L4.85  0.12

19 b 2750 2840 1 3 13.38 0386  5.50 0.10
6 -« 2840 ! 3 13.50 0,345  5.58  0.09

s 3 Denotes Gas Kiln
1 Denctes Glo-Dar Furnace

2 Denotes Platinum Wound Furnace

Rutaers, The State University
Signal Corps Contract No,., DA=36=039~8c~89141
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ELECTRICAL PROPERTIES OF COMPOSITION3
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| Phase Analysis of Cormmounds
‘ Comp~  Sample Void Glass
osition _Nos (). La258120 #  LaaS1Qs LeAlOs Unknown (%)
5 92 1 8o 19
6 7 L 59 20 17
7 6 76 18
8 5 57 21 17
11 5 6 37 10 17
12 1l 11 39 37 13
13 6 5 27 12 16
) 5 8 30 47 3 12
15 1 11 10 67 12
17 1 L4 55 23 17
18 3 11 11 63 15
19 6 9 70 12

4 No determination made between L3351307

and Lagsws crystais,

Rutgers, The State University
Sicnal Corps Contract No. DA=36=039=8c-89141
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if the bedy {s Initially low loss, Also adding another

crystallinc phasc to the system might allow far more struce
tural defects leading to loss,

LaaSlaO7 had been reported as having a diclectric cone
stant of 10 and a tan é; of 0,0002 (Recport Nos, S)e The
LaaSiOg composition had not bcon invostigated.s Thc composiw
tion had & pre-=firing temperaturc of over 3400°F and so it
was propared by hot-pressing the composition in graphite
diess, The slug which was produccd was vitrified but contalned
a considcrablc amount of earbon contamination, The dielectrlic
constant of it was 12,68 and thc tan(<~was +0012, Sincc thc
slug was contaminatod, thc losscs and.thc diclcctric constant
would be highor than it would be 1f it werce frecec from impurie
tics. Thusc rcstits did, howsver, indicate that this crystale
1inc form of LaaS!Os had a higher diclectric constant then the
LanS1a0q (Roport No, 5)¢ Sincc this type of contamination
would affoct the losscs to a groator degree than It would
affect the dicloctric constant, littlc could be detormined
about the power factor of tho LaaSiOg composition cxcept that
it was fairly low loss, Thc two compositions contalning only
LaaSia0y, 5 and LSA-5, had the lowest losscs, Composition #13
which consisted of 67% LaaSiOg with 12% of the unknown crystal-

linec phase had loss valucs as low as cither composition 5 or

LSA=-5 indicating the low loss characteristics of LaaSiOg.
Instcad of corrclating thc measured dielectric constant

values, thcy were correctod for porosity after meeasurement

e R N SRR IO ISP SR ey
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and then correclateds 1t has alrcady becen explained that the
prescnce of pores has thc effect of lowering the diclectric
constant, Applying thc logarithmic rulc to correct for these
pores resulted in a new scries of diclectric constant valucs.
This set of valucs along with the observed values are plotted

in Figurc 3§ The change in the diclectric constants after the
corrections is appreciable, i .

1f the amount of Las0Os is held constant and Si0a is ro=
placcd by Ala0a the diclcctric constant increascs in all but
one casc. On tho low LusOa sidc of the diagram, composition
#5 contalned only LaaSia0; and thus gives a low dielectric
constant, Moving to composition #7, there was a decruase in
LasSis07 with the prcscnce of 8 small amount of LaasSiOg which
had a higher diclectric constant. The cxact amount of LasSi05
could not bec determincd in any of the compositions since this
compound and Laasxao7 appearcd indistinguishable in polished
scctions, Although the differonce between the dicleetric
constants of #5 and #7 should bo larger, it must be realized
that with only onc polished scction on which base the analyse_
thore may be minor discropancies in the results, Compositions
13 and 17 showed i{ncrcascd diclectric constents since the
amount of Laa&iOg had incresscd with the disappearence of
LaaSiao7 and the asppearancc of an unldentified compound. In
the rogion of a moderate amount of LaaOs the same increase of
dicloctric constant upon the replacement of Als0s for Si0a

occured, This {s due to thc increased percentagc of LaAlOs
compound,
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CORRECTED VALUES OF DIELECTRIC CONSTANT
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An cxception occurs between compositions #1il. and #18 in
which there is a docreasc In diclcectric constant with an
incrcasc in LaAla0s, The obvious rcason for this cffect is
that composition #18 has 3% morc glass than #1L and also therc
is a tracc amount of tho unknown compound in #1L which may
have thc effect of slightly raising tho dioclcctric constant,
With the compositions high in LasOs, this trend of increasing
diclectric constant with increasing AlsOs percentages holds
truce There is again an Incrcasing amount of LaAlOs in the
compositions,

Thls same trend can bo explained if the AlsOs content -
{s held constant and S10s is roplaccd by LasOe, In all casecs
the diclectric constant will increasc with incrcascd amounts
of Laa0a, This {8 the samc cxplanation as beforc: with
Increoased amounts of LasOs, the content of the low dieloctric
constant lanthanum silicatc ls being rcplaced by the higher
diclectric constant crystalline phesc LaAlOa, )
The correlation of theo tanéﬁthroughout the systocm has a
similar trond connected with it, Whonover clther of the
lanthanum silicates arc the major crystalline phase, the body
will oxhibit low losscs, With tho introduction of LaAlOs
the losses will jump appreciably with only onc composition,
#6, showing low loss with a substantial amount of LaAlQas.
With {ncreasod amounts of lantheanum aluninate, the lossas will
show a continued increasc. The trend ceases when comparing

the losscs on the low Laa0s sidc of the ternary, As was shown

m amum;i
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with the LSAS composition, the amount of glass is important
when comparing the losses of the bodies. The composition
with the lowest loss, #13, also has the smallcst amount of
glass and the most uniform distribution of the glass phasece
All of these compositions werc crushed in an iron mortar
aftor the prewrcacting fire, The presence of iron contamina=
tion is another rcason why the losscs arec not as low as the
LSA=5 composition, besides the fact that they contaln more
glass than LSA=5, ‘

Various fabrication mcthods had becen tricd. Calcining
the matorial and thea firing it conventionally proved very
difficult and inconsistcnt, Hotweprcssing gave vitrified
bodics but the slugs were highly contaminated with carbon
and whon they werc formed with molybdenum layers, they cone
tained molybdenum contamination, Exccpt for the LaaSi0g
compound which by nocessity was hot~prcssed, none of the come
positions worc ovaluatcd which had boon hotepresscds The
technique which gave roliable results was tho pre~rcacting
technique using aluminum shiclding, After the bodics were
proreacted they cort ained no contamination, The only cone
tamination within the compositions, othcr than the impuritics

within the starting oxides themselves, was from the crushing

operation which introged a portion of iron contamination which

could not be completely removed.

Four prefiring tomperatures were employed with the. LSA-S
composition, Tho lowest loss and the highest diclectric
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constant material occurred with the 2600°F profiring temporae a
tures This composition contained t¢he lowest amount of glass

(77~~~ 124) with this glass phasc boing falrly evenly distrie

butcd throughout the body. Since this composition may have
contained small smounts of iron impurity it would appear that
lowering percentagcs of the glass phase would decrcase the

losscss The roason for this was that the iren would be more

mobile in the glass phase since it was being held lecss tightly

than {f it werc in tho crystal phase. Material fired to 2900°F

and 2975°F were crushed 4n iron and in alumina, Although too

fow samples worc preparcd to make an absolute statcmeat, the

lowest losses wecre obscrved in the compositions frea Irom iron

and with e slightly highcr amount of glass. Thc conclusions

from this cxpcriment were that with iron Impurities, the glass

phase contributed larger losscs than thc crystal phase at 1
megacyclc but with the climination of the contemination, the

glass phasc exhibitcd losses comparablc to the crystal phesa.
Although the losses cxhibitcd by the 2900°F and 2975°F fires

werc not as low as tho 2600°F fire, this could be explained

by the higher percentage of the glass phase in the higher

fircse This would have the effcct of allowing any impuritios
greater opertunity of cntering tho glass phase whgro they would

have greater mobility than In the crystalline phasc,

_ The othor compositions evaluated in thec system had con-
sistent values, The diclectric constant increases eleng with_

the tané; on the introduction of the LaAlOs phase, The losses
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exhibited by the compositions frcc of any LaAlOs, namely 5,
7, 13, and 17, were quitec lows This Is understandable since
both LaaS10g and LasSia07 exhibit low losses, A complete
explanation of the variations between these four could not
be prescnted since the cxact loss of the LaaSios phase was
not known,

An unidentified crystalline phase occurred in three of
theée compositionse Thc Xeray diffraction date recorded for
this crystalline phasc did not conform to any data published
on the threc binary dlagrams, Thus it appeared that a
ternary composition cxisteds Investigations of various
compositions in this arca indicated that with thce int-oduction
of this crystalline phase, the firing tcmperaturcs of the
compos tions were increased. This condition docs not allow
this compound to bc explaincd as a ternary composition,
Before a positivc statcment can be mede more work would have
to be performed over a wider compositional arca with the

object being to isolate this compound and then anslyzec 1it,

Fe _Summary .

1, The pre=firing procedure using an alumina shiclding
technique appears to be tho best mecthod for fabricating the
lanthanum compositions,

2, The amounts of iron pickcd up in grinding could not

be completely rcmoved by passing the material over a magnet,
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It appoars to have detrimental ecffecte on the Tancsibut not
to a marked degrec, )

3. The occurrcnce of lanthanum aluminate in the composie=
tions had the effcct of raising both the diclectric constant
and thc power factor,. ) i

4o The elcctrical propertices of compositions within
the ternary systcm arc predictable on the basis of crystal
phases and contcnt and glass content.

5S¢ Tho glass could not be substantially devitrificd
to give a high crystal pcrcentage.

6« Results observed in this sytcem indicated that the
diclectric propertics of this type composition docs not

fulfill tho roquircments of the cantract,

Crystalline Diclecctrics

Introduction

Various systcms have becn cvaluated which contain no
glass. Thosc which gave thc bost reosults were the titanates
and thc stannatcs,

B, Magnecsium Titanatcs zZirconstcs )
In the qucst to fulfill the technical requircments of
this problem, ccopositions, within the system Mg0 » 2r0a =

T0a werc cvaluateds The two compositions which gave the

I k; ﬁuh‘ ﬁihll’n‘ !mh‘ﬁ
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best results havc the molcocular ratios of 2«1w2 and Lel-l,

Those oxldcs were weighed according to formula and thon
ball-milled for six hours using cthylene dichloride as the
dispersent, The batch was then dried overnight, Discs were
prcssed and then fired conventionally, The samples were
fired to various temporaturcs and at soak timcs until the
combination which gave thc optimum density was dctermined,
After thc discs werc matured, they werc machined to sizc and
tolerwaces for the determinations of clectrical propertics,
power factor and dielcctric constant, at 8,6 KMc in a microm
wave diclecctromctor,

The proportics of compositions 2w=1=2 and Le=lal ut 1 Mc
and 8,5 KMc; cbsorption, ctc of thesec composites and otheor
rcsults arc gdven in Table 3 on page 66, .

This it was apparcnt that both compositions werc some-
what affoctod at high froquencics, The cause of this
phcnomenon is normally attributed to impuritics, Howover,
the lcw and microwave frequoncy mcasuroments wore dotermined
by diffcront instrumecnts. This, in itsclf, might be the

cause of thc changc in clectrical propertics,

Ce_Calclum Stennsto
High purity calcium stannatc was obtained from Metal

and Thermit Company. Thc compound was prosscd into discs
and calcined at 1060°C with a two hour sosk. Tho discs were

thon crushed to pass 200 mesh, Thc scrpcned matorial was

=
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Tablc 3

glectrical Moasurcments

Comgésltion el
Firing Soak

2790 1
2790
2190
2810
2810
2810
2810

. e e pe > >

Comgos&tion Q-I-g
2800

2
2800 e
2800 2
2800 e
26800 e
2800 2
2800 2
2800 2

18

18.0

hree} Ma 8.5 RlMe. L 1Me.. . 8.5 Kb
——A

17.2 +0006  ,0018
19.2 .0022
19.6 .0020
18.1 «0016
18, 65 +0019
17.1 «0020
18.3 «0020
179 0005 .0019
17.65 «0016
19,65 «0021
18.1 »0020
17.5 »0017
20,5 002l
1749 «0020
17.65 «0019

# All thosc samples had 0,0% moisture absorption,
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then mixed with o S welght mixture of AoT (5%) and water,
This combination served as both o lubricant and a binder,
This material was pressed into discs and fired to maturity
at 1430°C,

The dlielectric properties of this compound ot 1 Mc,
are given in the table below

X )is P, _F.
1430 14 + 000k,
CaSi0s 1440 143 + 000l

Measurements were not made at the microwave frequencies
since somples could not be fabricated large enough to give
accurate results when used in the wave gulde apparatus, Cone

sequently, microwave measurements were not made,

Ds Commercially Available Material
As noted in Progress Report No, 7 on page Ll, dasted May 1

to August 1, 1963, it was learned several months ago that
TrsnseTechn, Inc., of Gaithersburg, Maryland, has developed
a ceramic which appears to have met the requirements of this
probiem, It was identified as DA 1l and had & power factor
of ,000L and a di{electric constant of 13,3, however it was
slightly porous, Some time later it was learned by private
communication that the short coming had been eliminated and
that the new materlal was identified as DA-15, 1Itis power
factor is ,0004 or lower and its dielestric constant is 15.l.
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This firm {s continueing their efforts striving for dielectric
constants of 20 and higher.

Ee _Summary

Both magnesium t{tanate zirconate and calcium stannate
gave results at 1Mc, that were low loss with an adequate
dielectric constant, When measuring magnesium titanates
at the microwave frequencies, the dielectric constant re=
mained fairly constant while the power factor rose by a
factor of 3 over those measured at 1 Mc, Using conventional
methods, then, to fabricate magnesium titanate did no¢
satisfy the contract requirements, However, the requiree
ments of this contract appeared to have been met by the

results given by TransTech, lncorporated,

L
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Flacl Report = Part V
HOT EXTRUSION

Introduction

The objective of this program is the rapid hot extrusion
of ceramic materials to produce a product having the high
per cent of true density and small crystal size which can
be obtalined by hot pressing., The successful development of
hot extrusion proccdures should permit higher productivity
and, 1t is hoped, grcater design flexibility than can be
obtained by hot pressing.

Viork performed by Nuclear Metals, Incorporated demon-
strated the feasibility of coextruding a ceramic material
within a metal sheath,l The metal {s visualized as & lubrie
cant for the extrusion .

To obtaln some indication of the possibility of cow
extruding barium titanatc {n a steel sheath, a few prelime.
inary extrusion attempts were performed at Extrusions, Inc,,
Caldwell, New Jersey.2 Although only threec trials were

performed, the following tentative concluslions werc reached,

13, G. Hunt and P. Lowonstein, "Fabrication of Clad Massive

Uos Fuel Elements by Cocxtrusion" Fourth Quarterly Report,
Contract No, AT(30«0)=1565, Nuclear Motals, 1nc.,
Concord, Massachusetts, June 6, 1960,

2 "Development of Ceramic Dielcctrics," Progress Regort No, V,
Contract No, DA=36=039~8c~7808l, Rutgers, the State
University, New Brunswick, New Jersey, December, 1959,

Rutgers, The State University
Signal Corps Contract No. DA=36-039-sc~89141
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1, Barium Titanste having high density and
small crystal size can be cocxtruded in a metal
shoath, ) _

2, The eclectrical propertics of this
material arc cssentially the same as those of
hot presscd material, )

3., Even when cxtrusion did not occur,

the barium titanate exhibited the same pro-

perties as the hot pressed material,

Following this preliminary work, a facllity was
established at Rutgers for study of hot extrusion of ceramic
materials, An cxploded view of the essential components of
the oxtrusion assembly used in this work is shown {n Figure
le Coextrusion can and extrusion dic design have been
modified as work progresseds The press used is an electrice
ally operated, hydraulic, 150 ton capaclity, constant pressure
Dake Press, Model No, 21w150, The maxi{mum ram speed is
approximately 17 inches per minute,

In use, the extrusion barrel with the die in place
rcsts upon the basc plates It is positioned on the base
plate diroctiy under the raom and over a hole to allow the
oxtruded rod to pass through the platce The positioning of
the barrcl is sccormplishcd by pushing tha baresl firaly
against two pins set tangentially 'along the cireuufercnce

of a cireclc having the sarc dlamcter as the barrel, The

4
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~ Figure 1
Exploded Cross Séction of
Hot Extrusion Assembly

-7 = B

\ \% Tf' Extrusion Rem

2 Heat treated L14O steel,
l Rockwell CLO-LS

- TR
L
—

Coextrusion Can

0.D. approximately 1,707,
depends on expansion of
metal and extrusion
temperature

5’ Extrusion Die
1-3/ w 0.D.
03/2" —4 Heat treated 1140 steel,

Rockwell ClL0-45

Extrusion Barrel

*  6-1/2" 0,D., 1-3/4" I1.D,
2* Haa( treated Ll éusteel,
l Rockwell CL0-L5

2

-~ 4D _T
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7

R s, The State Ullivcrsity
Sﬁg:: éorps Contract No. DA=36-039-3c-89141
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angular distancc betweon the pins is approzimately 100°,

The extrusion ram is placed on top of the extrusion
barrel and off to one side enough so that it is clear of
the inside diameter of the barrcl, The press ram is then
run down until it is only a fraction of an inch above the
top of thec extrusion ram,

The cocxtrusion can and the ceramic material to be
oxtruded arc heated, cither scparately or togecther depenw=
ding upon temperature requirements, and arc then quickly
placed in the extrusion bsrrel, Then the extrusion ram is

slipped into the barrel and the press ram brought down as
quickly as possible.

Resume of Work Performed

To tcst equipment, materials which waere known to oxtrude
with relative case were first tried, Soiid billets of Type
1100F aluminum were extruded at room temperaturc and an

extrusion ratio of 32:1,

coextrus!on of a powdcred glass-mica materiall in both
1018 steel and 1100 aluminum cans of the dosign shown in

Figure 1 was attcmpted at a number of differcnt temperatures,

3 This was & glassebonded mica composition lupgiled by Mole=
cular Dieclectrics, Clifton, New Jersecy, i{s composition
can be transfer molded,

T VIR
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Temperatures of up to 1700°F were uscd with the steel cans

and no extrusion was accomplished,

The attempts to extrude the glassemice material in the
aluminum coextrusion cans demcnstrated that these materials
could be cxtrudeds However, the glass-mice materlial ruptured
the extruded portion of the aluminum in every case, This
occurred oven when the cocxtrusion can was not hcated and
the glass-mica matcrial was hcated to 1100°F, .

This problem was overcome by making coextrusion cans
having 3/8" rather than only 1/8" thick walls, Crossm
sections of the cxtrusions obtained with the thick and the
thin walled coeoxtrusion cans are shown in Flgurc 2.

Scveral attempts to cxtrude solid 1018 stecl and Monel
metal billets were not successful at the maximum pressure
capacity of the press using the 32:1 extrusion ratio, There=
fore, extrusion dies having 10:1 and 5t1 extrusion ratlos
were made. _

Succossful extrusion of solid 1018 steel billets were
accomplished using a 5:1 extrusion ratioc dic with the billet
having been heated to 2200°F and the barrel and die to L4OO°F,

A number of attempts were made to extrudc both lead
zirconate titanate and barium titanate in 1018 steel cans
of the design which worked successfully in the alumintme
glass=mica extrusion. In onec of these attempts a successe

ful extrusion was achieved, However, attempts to duplicate

- i s i



Figure 2

Cross=Sections of Glass=Mica Material
Extruded int (a) Thick and (b)

Thin«Walled Aluninum Coextrusion Cans

Rutgers, The State University
Signal Corps Contract No, DA=36=039=8c=891l1
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this extrusion were not successful, A cross-section of
the successful extrusion {s shown in Figure 3. The ceramic
material is dense but extrusion was not uniform,

It appeared that the pressure needed for extrusion with
the designs being used was so close to thc maximum pressure
limitations of the press that conditions had to be exactly
corrcct to allow cxtrusion, Any small variations in condis
tions rosulted in no extrusion,

Since it was possible to rcadily cxtrude solid stecl
billets, it was bellcved that it was thc ccramic itself
which was defeating the extrusion., Thus it was decided to
moedify thc design of the coextrusion cans, The two nodified
can designs used are shown in Figurcs L and 5,

The type 7 can was visualizod as a design for which the
original pressure nceded to begin extrusion would be lower
sincc there would not be a large amount of ceramic in the
forward end of the extrusion. In this dosign there {s a
large amount of metal which should start extruding before
the ceramic, followed by a gradudlly increasing amount of
ceramic, Since it is well established that the original
upset pressurc for cxtrusion is always considerably higher
than that nceded to continue extrusion after upset, it was
hoped that the large volume of metal in the forward end of
this design would help to keep the pressure neceded for upset
within the range of the equipment being used.
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Figure 3

Cross=Section of Lead Zirconate Titanate
Extruded in s 1018 Steel Coextrusion Can

Rutgers, The State University
Signal éorps Contract No., DA«36«039=sc=891L1
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Cocxtrusion Can « Type 7

Rutgers, Thé State Univarsity -
Signal Corps Contract No. DA=3§.039=8c=891l1
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The Type 8 Coextrusion Can wos designed so that the

diameter of the ceramic portion weuld be approximately the
same¢ as the dlameter of the extrusion dle. This is a cone
siderable decrease in the volume of ceramic material used
in previous can designs and should make extrusion easier.
Extrusion trials were performed with both Type 7 and
Type 8 cans using BuTiOa as the ceramic portion. In all
cascs the ceramic powder wans packed In the can at room
temperature and approximately 2000 psi. Then the packed
cans werc heated to 2250°F, sooked for 1/2 hour, and
extruded using a 531 extrusion ratio, Both types of billet
were successfully extruded at 110,000 psis However, when
thesc spccimens were cut open for examination, it was found
that the extrusion of the ceramic material was discontlnuous,
The ceramic had started to oxtrude with the stccl so that
the first porsion of the cxtrusion contained ceramic material,
but the latter portion of the extrusion was solld steel,
This discontinuous extrusion of the ceramic may have been
caused by the ccramic material not being dense when extruw
ston commenceds This is visualized to happen in the followlng
mannere The original movement of the extrusion ram produces
a pressure on the steel coextrusion can forcing it to start
to extrude, However, 1f the ceramic is not dense, the
pressure from the extrusion ram will start to densify the

ceramic but will not be totally transmitted to the furthermost
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portion of the ceramice Thus the forward portion of the
steel which is starting through the extrusion die could
carry some of the forward portion of the ceramic along

with It'while the rear part of the ceramic remains essen=
tially stationary, Oncc the break in the ceramic portion
occurs the advancing steel, as it enters the conical entry
angle of the diec, Is forced inward to occupy the space
between the two sections of the ceramic material. Sections
from the two extrusions arc shown in Fligures 6 and 7. The
ceramic portlon of the cxtruded matcerial from thc extrusion
attempt with the Typc 8 coextrusion can docs not exhidbit a

531 reduction ratio and much of it somcwhat porous.

Summary

Attcmpts to rapidly hot extrude ceramic meteriais heve
indicated that extrusion is feasiblc at high pressures, Ex=
trusions of barium titanate and lead zirconate titanate in
steel coextrusion cans have been accomplished at pressures
of slightly below 125,000 psi which {s the maximum obtainable
using the present prees and extrusion billet size, The
quality of these extrusions is not optimum, Successful
extrusion with these materials and at thesc pressures

appears to be greatly dependent upon coextrusion can deeign.




-8l =

Figure 6

Cross=Section of Barium Titanate

Extruded in a Type 7 Coextrusion Can
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Figure 7

Cross=Section of Barium Titanate
Extruded in a Type 8 Coextrusion Can

Rutgers, The State University
Signal Corps Contract No., DA=36=039=-sc=891)}
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The effect of higher extrusion pressures will be investlw

gated in futurc work along with further experimentation !

on coextrusion can materials and design.
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